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We have this date discarded the old method 
of designating expanded metal by mesh, gau^eand 
width of strand. I, lacked flexibility' aiding 

confusing led to many mistakes. g 

Hereafter, prominence will be given to areas 
and weights thus making expanded metal directlv 
comparable with other forms of reinforcing material 
The change is made for the convenience of 
customers and we hope that the use of words such 
as regular and '•standard" will be discontinued. 
Orders however will be promptly filled no mat- 
ter how the material is described, provided the cus- 
tomer makes his meaning clear 



HOW TO ORDER EXPANDED METAL. 



Exn^HeHW' ?° *^ xed - "niver.al standards for 
Expanded Metal as for rods and bars 
our ^ the . conve " ie "«of those wanting to specify 
our material we have numbers. As other com- 
panies have numbers do not forget to give name of 
company w,th the number or we wilf assume our 
number is wanted. 



,;™-| . ucwnng to procure expanded metal 

similar to some they have, should order bj 
size of mesh and igh per foQ > B S 

material they want duplicated. 

\\ e.gh a sheet and give us the total weigh, 

and the exact area so it can be figured out in fur 
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trated on page 10, System 37. As steel is cheaper 
than concrete this last method of reinforcement often 
pays. It saves the slight trouble of raising the 
metal at supports. When used in storage ware- 
house the lower reinforcement often goes straight 
through and the top reinforcement is additional 
This takes care of excessive shear as well as of 

While the exact amount of reinforcement over 
supports may be figured and used for slabs and 
they may be figured as continuous or partially contin- 
uous it is not good practice to figure beams and 
girders except as freely supported with M=~. 
Negative bending moments, however, exist at the 
supports so that steel should be supplied at the 
tops of beams and girders over supports to take 
care of M=-ff . 

The deflection of reinforced concrete beams is 
only about one-third the deflection of steel I beams 
of equal strength. A floor slab over a number of 
reinforced concrete beams can be figured as contin- 
uous. It can be figured as continuous if placed 
over a number of I beams encased in concrete 
poured when the floor slab is poured. If the I 
beams however are not encased in concrete then 
the slab should be figured as only partially con- 
tinuous because of the greater deflection of the 

DESIGNING LOADS. 

See page 16, Roof and Floor Slab booklet for 
weights of roof and floor materials. 

See page 17, Roof and Floor Slab booklet for 
live loads generally allowed in Building Ordi- 

The dead load of a structure is the weight of 
the gmlers, beams, slabs and roof or floor covering. 
The live load is a load not constantly applied, 
although it may be stationary for long periods of 



safe load, is a better ti 
"n additi 






:-i 


fl 1 


i- 






'•'" : - 






^r*-»— 




■ 




i 


p^* 


_ 


\€ 


; 






| 


• .' - 




















fr ; 




i 






Y •■ -' 










r-/" 










.; 


1 " ' 


Si ° 






: ■'.•' 




2 


p:-. 


1 " 6 


- 


--". ' . 


2 S ) 


h 


i> '- 


J \ ? 


1 






p 






!'. -■' t 










j? 




! 


\ 




i' -U 




j 
















1 




pll 


~'\ 








• 




V 






: 




1 






3; | 


1 


I 1 


J 





930-950 Old Colour Bldg. Chicago 



jad is gr 
e practice 
re a pro 


ater than the 


fiber stress under 
pecifications call 
est nor sensible, 
strength of the 




i in carrying 


the dead load. 




the cost of columns and foot- 


he owner 


of reinforced 


oncrete buildings 
fully enough or 




these things 


Id be les 


call for longs 






nces have been reported where 


ce of gird 


ers and beam 


produced build- 



false beams and girders have been put in hallways 
to break up echoes. This is when the floors are 
solid. When a ceiling is suspended beneath the 
floor, to hide the beams so many people object to, 

The best way to design floor and roof systems 
is to use short spans, thus increasing the strength 



which goes to the foundations and makes -.in 

If the intermediate beams are considered objection- 
able suspended ceilings can be used to conceal 
them. Therefore, assume as a total load one and 
one-half times the live load and equate for span. 
Let W = total load on span. 

I = span. 
M = bending or resisting moment = Rbd 2 . 
then I = ^ ^Mor freely supported spans. 

1 = \ ^ for partially continuous spans. 

By using actual loads and taking fiber stresses 
in the materials the factor of safety desired is 
obtained. Reinforced concrete formulas wherein 



series of booklet* only such formulas are used and 
the factor of safety is 4. Formulas using the ulti- 
mate strength of the materials and breaking loads, 
are known as parabolic formulas, Straight line 
formulas _ greater rigidity than 

parabolic formulas and a- a rule are the only form- 
ulas permitted to be used in cities possessing build- 
ing regulations governing reinforced concrete. 

The span length used should be the clear span 
plus depth of slab, beam or girder except when this 
would exceed the distance center to center of sup- 
ports in which case the latter is the span length. 
Brackets should not be used to reduce the span 
length used. 

Full dead and live load should be used for 
slabs and beams. For girders the assumed jive 
load can bl reduced IS pel cent, except in build- 
in ,i, ,, lull dead load for 
each floor is carried to the column. As it seldom 
that all floors are loaded at one time to 
the full an, 
5<7 f,„ ||, i oof when assuming 
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Having found the proportions of load to be 
carried each way the bending moment is found as 
for a continuous slab, there being of course the 
proper amount of steel placed in the top over sup- 
ports to care for negative bending moments. 

When the length of the panel exceeds 1.5 
times the breadth the portion of load carried by 
the cross beams is within the area found by draw- 
ing lines at an angle of 45° from each corner to 

All the foregoing calculations can be dis- 
pensed with by using expanded metal and rein- 
forcinglor load across shot, .pan. The mesh being 
diamond shaped the strands run in the right direc- 
tions to care for all strains developed in the slabs. 
See pages 1 and 2, Roof and Floor Slab booklet. 
HOW TO FIGURE BEAM SIZES. 

The formulas given on pages 4 and 7 are 
all that are necessary to determine the sizes of 
beams and girders. 'The width of a beam should 
be not less than 1 24 the span. The best propor- 
tioned beam is that in which b=j£h to %h. As- 
suming that the beam and slab it carries will be 
poured at one operation the top of the beam may 
be taken as the top of the slab. If not poured at 
one operation the top of the beam will be at the 
bottom of the slab thus increasing total depth. 

Beams may often be figured as of T section 
and some concrete saved. Diagram 2 contains a 
cut of such a beam. Properly proportioned "b" 
should not exceed ■+ the span length of the beam, 
or it should not exceed 6t-(-b'. 

The formulas already mentioned may be used 
to compute such beams and the steel proportioned 
accordingly. The steel is a percentage of the rec- 
tangle bd. The stem b' however needs only to be 
wide enough to contain the steel and its enveloping 

b. The slab thickness should be nbt less than 1/Sd. 

Diagrams 1 and 2 are for the design of T 

beams. Entering the upper half of Diagram 1 at 



On the left is found x 



down to the slab thickness. 



laches 'Depth of Neutral fixis behn top of Flange. 




"'fl'IS 
f,-/6000"s}h. 

Dl/IORRM I. 



Subtract x from d. Kind bending moment in 
foot pounds. Enter Diagram 2 on line represent- 
ing tli is bending moment. Follow to an intersec- 
tion with the d-x, just found. Drop vertically to 
the steel area in square inches. 

The slab tin. kn.-s is found in the Roof and 
Floor Slab booklet, preferably. The depth is gen- 
■ '. irned by the head room wanted. That 
the conditions for a properly designed beam may- 
be fulfilled b r~:and if these conditions are not 
fulfilled at the first trial, try again. 

HOW TO FIGURE EXPANDED METAL 
REINFORCEMENT. 

The loading being assumed and the spans 
determined, bending moments are calculated as 
shown on pages 5 and 7. The formulas on pages 
4 or 7 are thin used to obtain the depth of the slab 
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Table XVI gives data by which to select a 
weight of slab to carry certain live loads. Along 
the top are placed the live loads. In the left hand 
column is the weight per square foot of the slab 
and in the columns under the live loads are the 
spans. Enter the table on the top at the assumed 
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. the 



one nearest to it. On the right will be the' weight 
of slab to carry that load on that span. This is 
of course for the first trial as each slab requires a 
trial and final calculation. If the proportion is 
too great then it is best to assume 1.5 times the live 
load for the total load and equate for span 

At this point look in the tables of stock sizes 
for the area coming nearest to the one found. To 

a the full effect of expanded metal the edges 



of the sheets 
whole reinforcen 
lap is counted ir 



vill .1 



s part of the reinforcemen 
nn siao calculations can be avoided by usi 
the tables in the Roof and Floor Slab booklet a 
the additional tables Vila and Villa in t 

TABLE XVI 
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Table XVIII shows the reinforcing value per 

in 3" mesh, for different side laps. For example 
an area of 0.33G sq. ins. per 12" width is wanted. 
The table shows that a sheet of 3" mesh, #19 
6 ft. wide lapped one mesh on the side will give 
the required area. If the area wanted had been 
0.351 sq. ins. it would required a sheet thfte feet 
wide lapped one mesh on the side. 

If expanded metal is found to lack area, even 
when lapped, the deficiency can be supplied by 
wiring bars to the sheets at intervals or by placing 
down the middle of each sheet a strip of expanded 
metal one, two, three or four meshes wide of some 
heavier strand. This is best, for the meshes nest 
very nicely so the moment arm is not increased 
whereas the extra thickness of the bar must be taken 

TABLE XVII 
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EAS AND WEIGHTS OF EXPANDED METAL 
If it is decided to use sheets 3' wide (the most 

ivenient), divide the length of the panel by 2.75 
obtain number of sheets lapping 3" on edge. 
Id to the total length (width of panel X number 
panels) 1' for end bearings. Divide total length 
.25 to get number of sheets 12' long; or by 
mber of sheets 8' long. This gives 
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TABLE XVIII 
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Metal 



wide by 36". Divide the product by 39 which 
"ill give the area per 12" wide to call for in >hcet> 
3' wide lapping 3" on the edge. The weight per 
sq. ft. = area sq. ins. per 12" wideX3.396. 



Table VII, page 11, same book, a slab 2'i 
ins. thick will do. Weight of slab 31 lbs., mak- 
ing total load 81 lbs. per sq. ft. 

Partially continuous slab. (p. 18) 
s'Xl. 12 = 6X1. 12 = 6.72' new span for same slab. 
w'Xl. 25 = 81X1. 25 = 101 lbs. sq.ft. new total load 
101-31 = 70 the new live load for same slab. 

If original load is sufficient and span ol li feet 
is all right, then; J5L = j^. = 65, new total load 
for 6 foot span . 

The nearest to this is to be found in Table 
VI, page 10, where the live load is 32 lbs. and 
the dead load 31 lbs. while the reinforcement is 
cheaper. The total load is 63 lbs. and the span 
freely supported. 63X1.25 = 79 lbs. partially con- 
tinuous. The total load is always considered and 
the ultimate load is four times the total load. 

The same calculations can be made 'for con- 
tinuous slabs, using 1.22 instead of 1.12 when 
dealing with spans; and 1.50 instead of 1.25 when 
dealing with loads. 

For square slabs the following example will 
suffice. A panel 10 ft. sq. is loaded 90 lbs. to the 
sq. ft. In Table IX, page 13, we find for a freely 
supported slab the slab will be 5" thick and the 
reinforcement consists of 3" mesh, 10 ga. single 
strand with V sq. bars IN on centers wired to 
the sheet. Total load=152 lbs. 

In this example we must find a new slab and 
new reinforcement to carry the same load on a 

=r^y = 7-^7 = 61 lbs. total load per sq. ft. 

We must look then in the other tables to find 
a slab to carry a total load of 61 lbs. per sq. ft. on 
a span of 10' with a slab less than 5" thick. 

The nearest to this is found in Table VIII, 
page 12, where a slab 3 T ," thick will do, rein- 
forced with 3" mesh, 10 ga. D. S. There will be 
two layers at right angles and the concrete must be 
increased half an inch for the extra layer, thus mak- 
ing the slab 4" thick. In this example one inch 
of concrete is saved, thus reducing weight but no 
saving in cost is effected. However the slab is 
reinforced properly, which is the aim of good 



In the tables the factor of safety is four. The 
total load is the sum of the weight of slab and 
superimposed safe load. Multiply total load by i 
for breaking load. Deduct weight of slab to get 
load that must be placed on slab to break it. One- 
fourth of this may be assumed as the live load and 
we will then be designing as some men design. 

Example. — Roof and Floor Slab booklet, 
page 11, Table VII, span 10', load 17 lbs. per 
sq. ft., weight of slab 73 lbs., total load 90 lbs. 
Breaking load ( total ) 90X4 = 360 superimposed 
breaking load. 360-90 = 270 lbs. One-fourth of 
270 lbs. = 67.5 lbs., a load greater than usually 
figured for dwellings and porch floors. 
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C, illustrate different metric 
forced concrete floors on brie 

methods of finishing the floors. In Figures 

B the plastering is applied directly to the under- 
side of floor slabs. In Figure B an underfloor is 
first nailed to the concrete and to this underfloor 
the finished floor is nailed. 
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STRESSES USED IN CALCULATING 

THE TABLES. 
The tables have been calculated by the form- 
concrete of three quarters of an inch below the cen- 
ter of the steel (half an inch covering) when the 
expanded metal alone is used; and one inch when 
bars are used in combination with the expanded 

The fiber stress in the concrete was assumed 
at 700 lbs. and this governed the strength of the 
slab in the thin slabs at the tops of the tables. 
The steel stress of course is low in those slabs. 
As the slabs became thicker however the steel stress 
increased until it reached 16,000 lbs. per sq. 
in. after which that value was maintained and the 
concrete stress grew less, this being met by chang- 
ing the character of the concrete. The same method 
was used in the slabs reinforced with the bars and 
mesh combined but in this case the steel stress was 
allowed to go to 18,000 pounds per sq. in. as a 

WEB REINFORCEMENT. 

In such a booklet as this the subject of internal 
stresses in beams and proportioning of web rein- 
forcement can hardly be gone into thoroughly. 
The reader is referred to standard treatises on rein- 
forced concrete. When the span exceeds ten times 
the depth of the beam it is seldom that web rein- 
forcement is needed. When the beam however is 
comparatively deep as compared with the length 
the question of web reinforcement assumes impor- 

Web reinforcement is supplied by stirrups, 
upright or inclined. Inclined stirrups are most 
efficient and it is important that they go far enough 
up to permit of secure anchorage in the concrete in 
compression in the top of the beam or slab. Many- 
beams fail by diagonal tension in spite of the im- 
bedded stirrups because the stirrups are too short. 
Many beams fail with stirrup reinforcement because 
the stirrups are not rigidly attached to the horizon- 
tal reinforcement. 

THE NORTHWESTERN UNIT BEAM 
(pat. apl. for) is a beam fabricated in our factory and 
shipped flat to destination, the stirrups being bent 
up into position by the workmen. ' 
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tion is simple and readily understood. There are 
as many strips of expanded metal as there are stir- 
rups on one half the beam. These strips form 
part of the horizontal reinforcement and are bent 
up at each end to act as stirrups apd are bent 
horizontally at the top for anchorage. The 
method of clamping all the sheets together and 
attaching them to the rods or bars is also patented 
and this fastening is adjustable so the reinforce- 
ment can be held at any desired height above the 
bottom of the form. The patent covers the use of 
wire fahric as well as expanded metal. The 
expanded metal nests perfectly so that no trouble is 
experienced in pouring the concrete. 
COLUMNS. 

The accompanying column diagram is so sim- 
ple as to require little explanation. The horizon- 
tal lines represent the total load in thousands of 
pounds carried by the column. The diagonal line 
at the right shows where the steel alone will carry 
the load. The vertical lines indicate area of steel 
in square inches. The full curves give sizes of 
columns of reinforced concrete when the concrete 
stress is SUO lbs. per sq. in. and the dotted curves 
give sizes of columns when the concrete stress is 350 
lbs. per sq. in. The steel stress is 15 times the 
concrete stress. The reinforcement is supposed to 
consist of bars or rods (smooth, not deformed) 
placed vertically in the forms at least two inches 
away from the face of the column, and tied togeth- 
er at intervals equal to the side of the column, 
by No. 8 wire. The dimensions of the columns 
here given are the dimensions necessary for strength 
and the two inches all round required for fire pro- 
tection must be added to these dimensions. 

Some concrete is necessary to protect the steel 
and it cannot be relied on for compressive strength 
for a fire will injure it. However the size of the 
column may be kept down by designing it for a 
350 lb. compressive stress and setting the steel in 
IT from the faces. A fire will then injure only 
the outside skin which will result in the concrete 
thereafter carrying a higher stress within the steel 
while the outer concrete may be plastered over to 



hide the effects of the fire 
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This diagram can lie used for hooped columns 
by first ascertaining the amount of vertical steel 
required. The same amount of steel in the form 
of expanded metal wrapped as hooping can be 
figured on as carrying a stress '_" • times that allow- 
ed in the vertical steel. The Northwestern Ex- 
panded Metal Co. fabricates in the factor)- column 
reinforcement composed of vertical rods wired to 
sheets of light expanded metal, which ties them to- 
gether instead of the wire mentioned. These col- 
umns are shipped out flat and set in place by the 
workmen, the mesh being bent on the job. This 
company will also send the columns out already 
bent into box shape if desired but of course the 
freight will be higher. Hooped, or wound columns, 
in which the hooping is heavy expanded metal are 
also fabricated to order at the factory and shipped 
out ready to set up. 

COST OF WORK. 
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the following tables taken from a 
Mr. Leonard C. Wason, President 
aw Construction Company, Boston, 
: Fifth Annual Convention of the 
Dciation of Cement Users, January 
•ader should obtain a copy of the full 
• to analyse these costs properly. 
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—Contains details of sidewalk 
construction in accordance with Building 
Ordinance requirements in many cities, to- 
gether with tables of quantities of material 
so that the labor of the designer is reduced 
to a minimum. Ready May 15th, 1909. 

No. 7. Sewers and Culverts. -Contains detail 

drawings for circular, egg-shaped and square 
sewers and culverts with tables of quantities 
and valuable formulas and data. Ready- 
June 1st, 1909. 

No. S. Tanks and Walls.— Contains valuable 
formulas and data for the design of walls 
with tables of quantities for the reinforce- 
ment of walls illustrated in the booklet. A 
valuable book for designers and for dealers. 
Ready June 15th, 1909. 

No. 9. Slab Bridces.— This should really be 
termed Girder Bridges, for the Sewer and 
Culvert booklet deals with slab bridges up 
to spans of ten feet. This book gives detail 
drawings and tables of quantities of flat 
girder and slab bridges. 

No. 10. Arch Bridges. - Similar in scope to 
Slab Bridges but dealing entirely with 

Booklets 9 and 10 should be in the hands of every 
engineer, road supervisor, county survevor 
and contractor. Ready July 15th, 1909. 



In addition to the foregoing booklets it is the 
intention of the Northwestern Expanded Metal 
Company to issue at fairly regular intervals re- 
prints of articles on subjects of special interest to 
concrete workers and to issue also works of an 
original nature describing methods for use of 
expanded metal and metal plastering lath. 
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